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INTRODUCTION 

The Rapid C i t y  p l a n t  embodies a unique chemica l ,  f l u i d i z e d  bed system o r i g i n a l l y  
conceived by Conso l ida t ion  Coal i n  t h e  1940 ' s .  The p l a n t  i s  l o c a t e d  where t h e r e  is easy 
access t o  v a r i o u s  s o u r c e s  of l i g n i t e  i n  t h e  huge W e s t e r n  l i g n i t e  f i e l d .  The s c a l e  of 
t h e  p l a n t  w a s  chosen t o  pe rmi t  o b t a i n i n g  p r e c i s e  eng inee r ing  d a t a  and sca le -up  information 
f o r  commercial f a c i l i t i e s .  

(except  f o r  i n s u l a t i o n  and p a i n t i n g )  and p r e l i m i n a r y  o p e r a t i o n s  have s t a r t e d .  
A t  t h i s  p o i n t ,  t h e  l a b o r a t o r y  work is  complete,  p l a n t  c o n s t r u c t i o n  is  complete 

PROCESS DESCRIPTION 

The product ion  of p i p e l i n e  g a s  by g a s i f i c a t i o n  of l i g n i t e  u s i n g  t h e  Consol proeess  
h a s  f o u r  main s t e p s .  The o v e r a l l  s t e p s  are shown i n  F i g u r e  1. They a r e  c o a l  p r e p a r a t i o n ,  
g a s i f i c a t i o n ,  gas p u r i f i c a t i o n ,  and methanation. Coal p re t r ea tmen t  is a l s o  shown; how- . 
e v e r ,  t h i s  s t e p  is unnecessary  when l i g n i t e  is  g a s i f i e d .  To handle  sub-bituminous c o a l ,  
i t  i s ' n e c e s s a r y  t o  use  a p re t r ea tmen t  s t e p  comparable to t h a t  employed i n  o t h e r  g a s i f i c a -  
t i o n  p r o c e s s e s .  

Table  I .  The r e a c t i o n s  of carbon,  carbon o x i d e s ,  steam and hydrogen are t h e  same i n  a l l  
g a s i f i c a t i o n  p r o c e s s e s .  The r e a c t i o n s  shown t h a t  i n v o l v e  ca lc ium qxide ,  calcium carbon- 
a t e ,  and carbon d i o x i d e  are  unique t o  t h e  Consol p r o c e s s .  Through t h e s e  r e a c t i o n s ,  h e a t  
i s  t r a n s p o r t e d  between t h e  g a s i f i c a t i o n  and combustion s e c t i o n s  and s imul taneous ly  carbon! 
d i o x i d e  i s  removed from t h e  product  g a s .  

m i l l  and s imul taneous ly  d r i e d  from a t o t a l  mois ture  c o n t e n t  of 35% t o  5% u s i n g  hot  gas.  

which a l so  d r i v e s  o f f  some bound moisture and p o s s i b l y  some C02. T h i s  s t e p  w i l l  be modi- 
f i e d ' t o  a pre t rea tment  when sub-bituminous c o a l  i s  used .  

L i g n i t e  is a non-caking coal; and as a r e s u l t ,  t h e  d r i e d  and ground m a t e r i a l  leaving1 
t h e  f l u i d i z e d  bed h e a t e r  i s  ready f o r  g a s i f i c a t i o n .  

The g a s i f i c a t i o n  s e c t i o n  of t h e  process ;  a s  i nco rpora t ed  i n  t h e  p i l o t  p l a n t ,  i s  
shown i n  F igure  2. 
System. P r e s s u r e  i n  t h e  hopper i s  i n c r e a s e d  t o  g a s i f i c a t i o n  p r e s s u r e  o f  150 t o  300 P s i g .  
and t h e  powder i s  then  f e d  through a r o t a r y  f e e d e r  i n t o  t h e  f i r s t  r e a c t i o n  v e s s e l  c a l l e d  ' 
t h e  d e v o l a t i l i z e r .  

In  t h e  d e v o l a t i l i z e r ,  t h e  l i g n i t e  reacts w i t h  a hydrogen-rich stream from t h e  g a s i f i c  
a t  1500°F. The i n t r o d u c t i o n  p o i n t  of l i g n i t e  i s  a t  t h e  bottom of t h e  bed and t h e  v o l a t i l -  
m a t t e r  from t h e  l i g n i t e  l e a v e s  t h e  t o p  of t h e  bed as methane, carbon monoxide, and hydrog:: 
The conf igu ra t ion  of t h e  vessel and o p e r a t i o n  c o n d i t i o n s  are such t h a t  t h e r e  i s  e s s e n t i a l 1  
no condensable hydrocarbon i n  t h e  product  g a s .  

t h e  d e v o l a t i l i z e r .  I t  i s  then  l i f t e d  i n t o  t h e  g a s i f i e r  ( t h e  v e s s e l  on t h e  r i g h t  i n  
F i g u r e  2) us ing  supe rhea ted  steam as  a motive gas.' In  t h e  p i l o t  p l a n t ,  w e  have t h e  
f l e x i b i l i t y  of r e c y c l i n g  gas t o  t h e  g a s i f i e r  through a c leanup and compressor system. 
This i s  a l so  t r u e  of g a s e s  from t h e  o t h e r  r e a c t o r s .  T h i s  c a p a b i l i t y  is  included' i n  t h e  
P i l o t  P l a n t  t o  permi t  s t u d y i n g  a l t e r n a t i v e  o p e r a t i n g  schemes. 

The key r e a c t i o n s  t h a t  t a k e  p l a c e  i n  t h e  COa Acceptor  P rocess  are summarized i n  

I n  t h e  c o a l  p r e p a r a t i o n  s t e p ,  t h e  l i g n i t e  is  crushed  t o  approximately 8 mesh i n  a 

AS a f i n a l  s t e p  i n  p r e p a r a t i o n . , l i g n i t e  is  p rehea ted  i n  a f l u i d i z e d  bed t o  572OF, 1 
1 

The crushed  and d r i e d  l i g n i t e  powder i s  in t roduced  t o  a lockhopper 
' 

The d e v o l a t i l i z e d  l i g n i t e  (which w e  can  now r e f e r  t o  as char )  f l o w s  by g r a v i t y  from 
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Carbon i n  t h e  c h a r  i s  g a s i f i e d  by r e a c t i o n  w i t h  s team i n  t h e  g a s i f i e r .  Res idua l  

c h a r ,  c o n t a i n i n g  about  35% of t h e  o r i g i n a l  ca rbon  i n  t h e  l i g n i t e ,  f lows  out  of t h e  
g a s i f i e r  by g r a v i t y  and i s  l i f t e d  pneumat i ca l ly  t o  t h e  r e g e n e r a t o r  u s i n g  a very  smal l  
stream of g a s  r e c y c l e d  from t h e  r e g e n e c a t o r  as t h e  motive g a s .  

In  t h e  r e g e n e r a t o r ,  t h e  r e s i d u a l  carbon is burned a t  approximately 1900'F t o  
supply t h e  h e a t  needed f o r  t h e  r e v e r s a l  of t h e  c a r b o n a t i o n  r e a c t i o n s  t h a t  t a k e  p lace  
i n  t h e  d e v o l a t i l i z e r  and g a s i f i e r  v e s s e l s  ( s e e  Tab le  I ) .  The r e s i d u a l  a s h ,  c o n t a i n i n g  
about  5 a b s o l u t e  p e r  c e n t  of t h e  o r i g i n a l  l i g n i t e  ca rbon  c o n t e n t ,  is e n t r a i n e d  i n  t h e  
o u t l e t  g a s  from t h e  g a s i f i e r .  T h i s  r e s i d u e ,  t o g e t h e r  w i t h  f i n e s  from t h e  do lomi te  
c y c l e  which w i l l  be d e s c r i b e d  n e x t ,  is removed from t h e  r e g e n e r a t o r  o f f g a s  i n  a cyc lone .  

, In t h e  p i l o t  p l a n t  a t  Rapid C i t y ,  t h e s e  s o l i d s  w i l l  be lockhoppered o u t  of t h e  system 
i n t o  a tank  where t h e y  w i l l  be s l u r r i e d  w i t h  water and pumped t o  a s e t t l i n g  pond. 

g a s i f i c a t i o n  and d e v o l a t i l i z a t i o n  as WES mentioned ear l ier .  This  is t h e  key t o  t h e  
c02 Acceptor  P r o c e s s .  
d e s c r i b e d  l a t e r .  I n  t h e  r e g e n e r a t o r  v e s s e l ,  ca l c ium c a r b o n a t e  is  c a l c i n e d  t o  calcium 
oxide adso rb ing  h e a t ,  and t h i s  h e a t  i s  r e l e a s e d  when t h e  ca l c ium oxide  i s  conver ted  back 
t o  calcium carbonate  by r e a c t i o n  w i t h  C02 i n  t h e  o t h e r  r e a c t o r s .  

e n t e r s  t h e  bottom and i s  e l u t r i a t e d  o u t  t h e  t o p  a f t e r  combustion w i t h  air .  Calcined 
dolomite  from t h e  r e g e n e r a t o r  flows i n t o  t h e  o t h e r  two v e s s e l s  by g r a v i t y .  

Dolomite i s  in t roduced  a t  t h e  t o p  and comes out  of t h e  c h a r  bed from a second f l u i d i z e d  
bed i n  t h e  small s e c t i o n  a t  t h e  bottom of each  v e s s e l .  The small s e c t i o n s  are c a l l e d  
boots .  There i s  l i t t l e  c h a r  i n  t h e  do lomi te  boot s e c t i o n .  

back i n t o  t h e  r e g e n e r a t o r .  A i r  w i l l  be used as t h e  motive f l u i d  i n  commercial  p l a n t s .  
The p i l o t  p l a n t  i s  a l s o  equipped t o  use r e c y c l e d  g a s  from t h e  o u t l e t  of t h e  r e g e n e r a t o r .  

The dolomi te  cycle carries h e a t  from t h e  combustion i n  t h e  r e g e n e r a t o r  t o  t h e  

Thermodynamic c o n s i d e r a t i o n s  a s s o c i a t e d  w i t h  t h i s  cycle w i l l  be  

The r e g e n e r a t o r  r u n s  e s s e n t i a l l y  f u l l  of f l u i d i z e d  dolomi te .  Char  from t h e  g a s i f i e r  

i In  t h e  g a s i f i e r  and t h e  d e v o l a t i l i e e r ,  t h e  t o p  bed i s  e s s e n t i a l l y  a l l  f l u i d i z e d  char .  

Dolomite from t h e s e  b o o t s  flows by g r a v i t y  t o  an engage r  pot  from where it i s  l i f t e d  

The product  g a s  f i n i s h i n g  and methanat ion s t e p s  a r e  not  inc luded  i n  t h e  Rapid C i t y  
d P i l o t  P l a n t .  The techniques  w i l l  be s i m i l a r  t o  t h o s e  used f o r  o t h e r  g a s i f i c a t i o n  
, p r o c e s s e s .  

STATUS 

A t  t h i s  p o i n t ,  bench-scale  r e s e a r c h  on t h e  COz Acceptor  P r o c e s s  is f i n i s h e d  and 
t h e  p i l o t  p l a n t  i s  complete  e x c e p t  for i n s u l a t i o n  and p a i n t i n g .  Some components of t h e  
p l a n t ,  m o s t l y  s t a n d a r d  d e s i g n s ,  have been t e s t e d .  T r a i n i n g  of o p e r a t i n g  personnel  w i l l  
be completed by mid-October, a t  which p o i n t  d r y  r u n s  w i l l  b e g i n .  These r u n s  w i l l  test 1 t h e  g a s i f i c a t i o n  c o n t r o l s ,  t h e  s p e c i a l  mechanical f e a t u r e s ,  and t h e  f l u o - s o l i d  t r a n s f e r  

, between t h e  r e a c t o r  beds .  These tests r e p r e s e n t  a s tar t  a t  complet ing t h e  f u t u r e  develop- 

W e  e x p e c t  t o  begin g a s i f i c a t i o n  s t a r t i n g  i n  February ,  and a t  t h a t  t ime,  w e  w i l l  

P r e s e n t l y  t h e  p l a n s  f o r  t h e  p i l o t  p l a n t  i n v o l v e  t e s t i n g  t h e  least s e v e r e  p r o c e s s  

ments numbered "1" and "2" i n  Table  11. 

beg in  a c q u i r i n g  knowhow f o r  commercial  o p e r a t i o n  (Item 3 i n  Table  1 1 ) .  

I concepts  f i r s t  and g r a d u a l l y  working toward more d i f f i c u l t  combina t ions .  Each t e s t  
w i l l  b r i n g  u s  c l o s e r  t o  a c h i e v i n g  t h e  t h r e e  f u t u r e  developments i n  Tab le  11. 

GENERAL REMARKS REGARDING OPERABILITY PROBLEMS I N  GASIFICATION PROCESSES 

The p r i c e  for s y n t h e t i c  g a s  from c o a l  is h i g h l y  i n f l u e n c e d  by c h a r g e s  r e l a t e d  t o  
t h e  inves tment  of t h e  p l a n t .  T h i s  c a p i t a l  i n t e n s i t y  i s  dependent on t h e  n a t u r e  of t h e  
f e e d s t o c k .  



A s  compared to  pe t ro leum or t h e  u s u a l  pe t rochemica l  raw materials, c o a l  h a s  p r o p e r t i e s  

1. Coal is a s o l i d  w i t h  vary ing  and only p a r t i a l l y  p r e d i c t a b l e  t h e r m o p l a s t i c  

2 .  I t  c o n t a i n s  minera l  matter of  vary ing  composi t ion .  
3 .  I t  has vary ing  chemical and pe t rog raph ic  c.ompositions, and an undefined 

4 .  I t  i s  t h e r m a l l y  u n s t a b l e  and decomposes t o  y i e l d  a wide spectrum of gases,  o i l s ,  

In  a d d i t i o n  t o  t h e  problems c r e a t e d  by t h e s e  unique raw material p r o p e r t i e s ,  t h e r e  I s  t h e  
b a s i c  n e c e s s i t y  of supp ly ing  t h e  l a r g e  q u a n t i t i e s  of h e a t  r e q u i r e d  f o r  t h e  endothermic 
g a s i f i c a t i o n  r e a c t i o n  a t  t h e  h igh  tempera ture  l e v e l s  needed f o r  a c c e p t a b l e  r e a c t i o n  
k i n e t i c s .  

which uniquely  i n f l u e n c e  a p rocess ing  p l a n t  inves tment .  Some of t h e s e  p r o p e r t i e s  ' a r e :  

p r o p e r t i e s  . 

complex chemical s t r u c t u r e .  

and s o l i d s ,  t h e  p r o p e r t i e s  of  which a r e  i n f l u e n c e d  by t h e  c o n d i t i o n s  of p y r o l y s i s .  

Thus ,  t h e  fo l lowing  p o t e n t i a l  o p e r a t i o n a l  problems are common t o  a l l  c o a l  g a s i f i c a t i o n  
processes :  

1 .  Feeding. 
2 .  Caking. 
3 .  Handling of v o l a t i l e  matter. 
4 .  Supply of p rocess  h e a t .  
5 .  Deposit  f o r m a t i o n .  
6. Ash removal. 
I n  t h e  e v a l u a t i o n  of chemical p r o c e s s e s ,  t h e  judgment u s u a l l y  cu lmina tes  i n  a' 

comparison o f  t h e  p r o j e c t e d  p r o c e s s  economics. When t h i s  i s  done f o r  commercially proven 
p r o c e s s e s ,  t h e  o p e r a b i l i t y  i s  a l r e a d y  e s t a b l i s h e d  and t h e  r e s u l t  of such an e v a l u a t i o n  
is  r e l i a b l e .  

of a l t e r n a t i v e  p rocesses  u s i n g  c o s t  estimates is a r a t h e r  r i s k y  v e n t u r e ,  e s p e c i a l l y  i n  
t h e  f i e l d  of c o a l  g a s i f i c a t i o n .  

While t h e  i n d i v i d u a l  concept  may f e a t u r e  a d i f f e r e n t  degree  of d i f f i c u l t y  i n  each 
of  t h e  problem p o i n t s  l i s t e d  above,  i t  i s  obvious t h a t  p r o c e s s e s  w i t h  t h e  most s t r a i g h t -  
forward s o l u t i o n  t o  t h e s e  problems have t h e  b e s t  chance t o  become commercialized. In  
judg ing  concepts ,  one s h o u l d ,  t h e r e f o r e ,  examine t h e  chances f o r  o p e r a b i l i t y  f i r s t  of  
a l l .  Many concepts  based on sound chemis t ry  have f a i l e d  because some of t h e  problems 
have t u r n e d  o u t  t o  be insurmountable .  

The C02 Acceptor P r o c e s s  w i l l  be examined i n  t h e  fo l lowing  paragraphs  i n  each of 
t h e  areas t h a t  c r e a t e  o p e r a t i o n a l  problems. 

Fo r  conceptual p r o c e s s e s ,  however. w i t h  on ly  bench-scale r e s u l t s  a v a i l a b l e ,  judgment 

FEEDING PROBLEMS 

A problem e x i s t s  whenever a l a r g e  q u a n t i t y  of s o l i d s  h a s  t o  be in t roduced  a t  a 
cont inuous  and c o n t r o l l e d  r a t e  i n t o  a p r e s s u r i z e d  high tempera ture  r e a c t o r .  The t h r e e  
P r i n c i p a l  means f o r  accompl ish ing  t h i s  s t e p  are a lockhopper s y s t e m ,  pumping c o a l  as a 
s l u r r y ,  o r  a p i s t o n  f e e d i n g  d e v i c e .  

re a sons: 
The lockhopper system was chosen f o r  t h e  C02 Acceptor Process  f o r  t h e  fo l lowing  

1. O p e r a b i l i t y  commercially e s t a b l i s h e d .  
2 .  Low investment and o p e r a t i n g  c o s t  f o r  t h e  p r e s s u r e  l e v e l  d e s i r e d .  
3. Carbon d i o x i d e  c a n  be used f o r  p r e s s u r i z i n g .  
4 .  Amenable t o  au tomat ion .  
I n  t h e  p i l o t  p l a n t ,  the  sys tem c o n s i s t s  of two hoppers ,  each wi th  a c a p a c i t y  Of one 

hour  o p e r a t i o n  a t  1 . 5  t o n s  ( F i g u r e  3 ) .  The hoppers a r e  opera ted  a l t e r n a t e l y .  While one 
Of them is  connected w i t h  t h e  system and f e e d i n g ,  t h e  o t h e r  one is  blocked of f  whi le  it 
i s  d e p r e s s u r i z e d ,  f i l l e d  w i t h  c o a l ,  and f i n a l l y  r e p r e s s u r i z e d  w i t h  C @ .  
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' p r e s s u r e .  I t  i s  s i z e d  f o r  e i g h t  h o u r s  r e t e n t i o n  t i m e  of t h e  c o a l  i n  o r d e r  t o  s e r v e  a s  
a surge  between t h e  d r y i n g  s y s t e m  and t h e  g a s i f i c a t i o n  s e c t i o n .  

The s y s t e m  c o n s i s t s  mainly of  a n a t u r a l  g a s - f i r e d  f u r n a c e ,  a f l u i d i z e d  bed v e s s e l ,  
nd a v e n t u r i  s c r u b b e r .  In  o p e r a t i o n  as a n  o x i d i z e r ,  t h e  f u r n a c e  i s  f i r e d  w i t h  excess  

a i r .  A s  tempering g a s ,  w e  have t h e  o p t i o n  t o  use  e i t h e r  steam o r  f l u e  g a s  from t h e  
r e g e n e r a t o r  of t h e  g a s i f i c a t i o n  section. The o u t l e t  gas is  quenched and scrubbed i n  
t h e  v e n t u r i  s c r u b b e r  and r e l e a s e d  t o  t h e  a tmosphere .  

Because of t h e  e i g h t  hour  r e t e n t i o n  t i m e ,  mild o x i d i z i n g  c o n d i t i o n s  a r e  s u f f i c i e n t .  
t i s  in tended  t o  o p e r a t e  a t  500 t o  600'F and up t o  6% 02 i n  t h e  i n l e t  g a s  wi th  sub- 
i tuminous c o a l s .  

In  a commercial p l a n t ,  t h i s  s y s t e m  would be modif ied f o r  o p e r a t i o n  a t  a s h o r t e r  
6 e t e n t i o n  t i m e ,  and consequent ly ,  s t r o n g e r  o x i d i z i n g  c o n d i t i o n s .  

HANDLING OF VOLATILE MATTER 

Each c o a l  evolves  v o l a t i l e  matter d u r i n g  thermal  t r e a t m e n t .  The amount and t h e  
omposi t ion of t h e s e  v o l a t i l e s  a r e  determined by t h e  rank of t h e  c o a l  as  well as by 
he  c o n d i t i o n s  of t h i s  t r e a t m e n t .  I n  a d d i t i o n  t o  f i x e d  g a s e s ,  hydrocarbons ranging  from 
eavy t a r  t o  l i g h t  d i s t i l l a t e s  of a l i p h a t i c  or aromat ic  n a t u r e  a r e  u s u a l l y  p r e s e n t  a s  

Opera t ion  i s  semi-automatic by e l e c t r i c a l l y  o p e r a t e d  v a l v e s  and push b u t t o n s .  The 
f e e d r a t e  is c o n t r o l l e d  from t h e  main c o n t r o l  room by v a r i a b l e  speed rotary f e e d e r s ,  and 
t h e  amount i s  measured by a system o f N l o a d c e l l s  and t r a n s m i t t e r s .  

The lockhoppers  a r e  c o n t i n u o u s l y  purged w i t h  a s m a l l  f low of C02 t o  keep h o t  process  
g a s  out  d u r i n g  t h e  f e e d i n g  p e r i o d  and t o  prevent  a i r  from e n t e r i n g  d u r i n g  t h e  f i l l i n g  
o p e r a t i o n .  T o t a l  CO2 r e q u i r e d  f o r  p r e s s u r i z i n g  and purg ing ,  1300 SCFH, i s  small compared 
to o t h e r  p r o c e s s e s .  The reason  f o r  t h i s  is t h a t  t h e  lockhopper s  a r e  o p e r a t e d  w i t h  500 t o  
600'F p rehea ted  c o a l  which t e n d s  t o  d e c r e a s e  p r e s s u r i z i n g  and purge g a s  r e q u i r e m e n t s .  
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The d e v o l a t i l i z e r  reactor w a s  designed f o r  t h e s e  c o n d i t i o n s .  Fresh  coal is  fed 
i n t o  t h e  bottom of t h e  f l u i d i z e d  bed,  and t h e  bed h e i g h t  provides  s u f f i c i e n t  r e t e n t i o n  
t i m e  f o r  t h e  ascending v a p o r s  t o  react wi th  steam and hydrogen p r e s e n t  i n  f l u i d i z i n g  g a s .  

'As a r e s u l t ,  o u r  g a s  c lean-up system is  r a t h e r  s imple (F igure  5 ) .  I t  c o n s i s t s  of 
a quench tower wi th  d i s c  and doughnut i n t e r n a l s ,  a quench s e p a r a t o r ,  and a v e n t u r i  
sc rubber .  

The quench water is r e c y c l e d  t o  t h e  tower from t h e  s e p a r a t o r  and i n d i r e c t 1 y . c o o l e d .  
Excess  water from c o n d e n s a t i o n  o f  undecomposed steam carries t h e  p r e c i p i t a t e d  s o l i d s  out  
of t h e  s y s t e m .  We have provided  a b a f f l e  i n  t h e  quench s e p a r a t o r  t o  handle  l i g h t  o i l  
which might occur  a t  u p s e t  c o n d i t i o n s  o r  s t a r t u p .  I n  t h e  v e n t u r i  sc rubber ,  t r a c e s  of 
d u s t  are removed from t h e  g a s  b e f o r e  i t  e n t e r s  t h e  r e c y c l e  compressor. 

i n s t a l l  equipment f o r  methanat ion and a s s o c i a t e d  p r e p a r a t o r y  t r e a t m e n t .  
A s  mentioned b e f o r e ,  o u r  g a s  t r e a t m e n t  is  l i m i t e d  t o  t h e s e  s t e p s  because we d i d  not 

SUPPLY OF PROCESS HEAT 

The method of h e a t  supply  h a s  a g r e a t  impact on t h e  economy of a g a s i f i c a t i o n  
p r o c e s s .  'Problems are u s u a l l y  a s s o c i a t e d  wi th  t h e  requirement  t o  supply t h e  h e a t  a t  
r e l a t i v e l y  h igh  tempera ture  l e v e l s  t o  t h e  r e a c t i o n  zone.  

g a s ,  c o a l  g a s i f i c a t i o n  p r o c e s s e s  can  be c a t e g o r i z e d  i n  terms of t h e  methods of supplying 
h e a t  t o  t h e  g a s i f i c a t i o n  zone;  i . e . ,  

1. Oxygen-blown sys tems.  
2. C y c l i c  p r o c e s s e s .  
3. I n d i r e c t l y  h e a t e d  p r o c e s s e s  ( e l e c t r i c a l  h e a t ,  n u c l e a r  energy ,  e t c . ) .  
4 .  Heat c a r r i e r  p r o c e s s e s .  
The C02 Acceptor P r o c e s s  f a l l s  i n  t h e  las t  c a t e g o r y .  

I f  c o n s i d e r a t i o n  is l i m i t e d  t o  systems producing e s s e n t i a l l y  n i t r o g e n - f r e e  water 

However, i t  is  di ' s t inguished 
from o t h e r  s o l i d s  r e c i r c u l a t i o n  p r o c e s s e s  by t h e  f a c t  t h a t  most of t h e  hea t  is l i b e r a t e d  
by chemical  r e a c t i o n .  

A s  descr ibed  b e f o r e ,  c a l c i n e d  dolomi te  a t  1950'F is  introduced t o  t h e  t o p  of t h e  
reactor beds i n  g r a n u l a r  form.  Because of t h e i r  h i g h e r  g r a v i t y ,  t h e  p a r t i c l e s  shower 
through t h e  beds.  On t h e i r  way down, they  react w i t h  C02 which i s  always p r e s e n t  i n  
d e v o l a t i l i z a t i o n  and g a s i f i c a t i o n  zones .  

A t  t h e  bottom of  each reactor, t h e  carbonated  dolomite  i s  c o l l e c t e d  i n  a - b e d  of 
smaller d iameter  and a h i g h e r  f l u i d i z i n g  v e l o c i t y .  From t h e s e  small beds it is t rans-  
f e r r e d  t o  t h e  r e g e n e r a t o r  for  c a l c i n a t i o n  at 1950'F ( s e e  F igure  2 ) .  This  r e a c t i o n  
r e q u i r e s  h e a t  which is s u p p l i e d  by combustion of r e s i d u a l  c h a r  from t h e  g a s i f i e r .  
A f t e r  t h i s  t r e a t m e n t ,  t h e  dolomite i s  ready  f o r  a n o t h e r  c y c l e .  

r e c a r b o n a t i o n  u n t i l  i t  is r e p l a c e d  by dolomite  makeup. 
i s  necessary  t o  maintain a r e a s o n a b l e  a c t i v i t y  l e v e l  i n  t h e  c i r c u l a t i n g  inventory'.  
W e  expec t  t h a t  under t h e s e  c o n d i t i o n s  between 30 and 40 mol p e r  c e n t  of  t h e  c i r c u l a t i n g  , 
dolomi te  w i l l  p a r t i c i p a t e  i n  t h e  r e c a r b o n a t i o n  r e a c t i o n .  

1s s e n s i b l e  h e a t  and t h a t  the major  p o r t i o n  of 72.5% i s  h e a t  of r e a c t i o n .  
is for one m o l  of do lomi te  a t  40% a c t i v i t y  and 1950/1500°F tempera ture  d i f f e r e n t i a l .  
The t o t a l  h e a t  s u p p l i e d  t o  t h e  p r o c e s s  by one m o l  of dolomite  under t h e s e  condi t ions  
is about  40,000 BTU. 

tempera ture  d i f f e r e n t i a l  f o r  t h e  same h e a t  supply i f  a l l  t h e  h e a t  w e r e  suppl ied  by sen- 
s i b l e  h e a t .  A l l  s o l i d s  which have been used i n  t h i s  s e r v i c e  as h e a t  carriers such as 
sand o r  char ,  e t c . ,  have roughly  t h e  same s p e c i f i c  h e a t  as dolomite .  In  t h e  C02 Acceptor 
P r o c e s s ,  t h e  weight r a t io  o f  c i r c u l a t e d  dolomite  t o  c o a l  f e d  is between 3 and 4; whereas 
o t h e r  g a s i f i c a t i o n  p r o c e s s e s  w i t h  chemica l ly  i n e r t  h e a t  carriers have t o  c i r c u l a t e  a 
burden Of 10 t o  15 t i m e s  t h e i r  coal f e e d .  
more inves tment ,  t h e  a c c e p t o r  p r o c e s s  should be more economical than  o t h e r  processes  of 
t h e  h e a t  carrier ca tegory .  

j 

1 
! The average a c c e p t o r  p a r t i c l e  w i l l  undergo about  50 c y c l e s  of c a l c i n i n g  and 

This  replacement r a t e  of 2% 

F i g u r e  6 ,  a T-H diagram, shows t h a t  on ly  27.5% of t h e  h e a t  c a r r i e d  wi th  t h e  dolomite 
This diagram ' 

i About t h r e e  and one-half  times as much dolomite  would be requi red  a t  t h e  same 

Since  i n c r e a s e d  s o l i d s  f low i n  a process  means 

1 



- 45 - 
DEPOSIT FORMATION 

Deposi t  format ion  is a problem common t o  a l l  g a s i f i c a t i o n  p r o c e s s e s .  Cons ide rab le  
time was s p e n t  i n  s t u d y i n g  t h i s  proble*m in t h e  C02 Acceptor  bench-scale  s t u d i e s .  It w a s  
found t h a t  d e p o s i t s  can o c c u r  i n  a l l  t h r e e  r e a c t o r s .  The mechanism o f  fo rma t ion  is d i f -  
f e r e n t  i n  each p r o c e s s  v e s s e l .  

D e v o l a t i l i z e r  d e p o s i t s  are formed by i n t e r a c t i o n  between sodium s u l f a t e ,  p y r i t e  and 
s i o 2 ,  whi le  i n  t h e  g a s i f i e r  o n l y  t h e  las t  two components are involved .  There are no 
obvious means of p r e v e n t i n g  t h e s e  d e p o s i t s .  The bench- sca l e  d a t a  i n d i c a t e s ,  however, 
t h a t  w i t h  most Western c o a l s ,  commercial  o p e r a t i n g  p e r i o d s  of a t  l e a s t  s i x  months can  be 
achieved wi thou t  d e s c a l i n g  t h e  r e a c t o r s .  Obviously,  however, c o a l s  hav ing  h i g h  sodium 
s u l f a t e  and p y r i t e s  c o n t e n t s  should  be avoided.  I n  p a s s i n g ,  it shou ld  be noted  t h a t  t h e  
d e v o l a t i l i z e r  and g a s i f i e r  d e p o s i t s  are not  r e l a t e d  t o  t h e  p re sence  of  t h e  dolomi te  
a c c e p t o r ;  a l l  g a s i f i c a t i o n  p r o c e s s e s  u t i l i z i n g  Western c o a l s  w i l l  e n c o u n t e r  t h i s  problem. 

In  c o n t r a s t ,  t h e  d e p o s i t s  found i n  t h e  r e g e n e r a t o r  are unique t o  t h e  C% Acceptor  
Process  and can be much more s e v e r e .  It was found t h a t  t h e  fo rma t ion  mechanism is  based 
on s u l f u r  r e a c t i o n s  i n  r e g e n e r a t i o n  and t h a t  t h e  d e p o s i t i o n  can  b e  p r e v e n t e d  by c o n t r o l l i n g  
the c o n d i t i o n s  i n  t h e  r e g e n e r a t o r .  

Calc ined  dolomi te  is a s  good an a c c e p t o r  f o r  s u l f u r  compounds a s  f o r  C02. The s u l f u r  
forms C a s ,  mainly i n  t h e  d e v o l a t i l i z e r  but  also i n  t h e  g a s i f i e r .  In  t h e  r e g e n e r a t o r  t h e  
CaS c o n t e n t  of t h e  a c c e p t o r  i s  o x i d i z e d  i n  t h e  Cas04 by e i t h e r  of t h e  f o l l o w i n g  r e a c t i o n s :  

1/4 Cas + C02 ____) 1 / 4  Cas04 + CO 
o r  1 / 4  Cas + 1/2 02 ___) 1 / 4  CaSOq 

When C a s  and Cas04 e x i s t  t o g e t h e r  i n  t h e  absence of ca rbon  o x i d e s ,  s u l f u r  i s  r e j e c t e d  and 
t h e  ca l c ium is  conver ted  t o  CaO by t h e  r e a c t i o n :  

3 /4  Cas04 + 1/4  Cas - CaO i SO2 

t h e  r e a c t i o n ,  at  t e m p e r a t u r e s  above 1750°F, a t r a n s i e n t  l i q u i d  phase occurs which c o l l e c t s  
and s o l i d i f i e s  on t h e  r e g e n e r a t o r  walls.  

monoxide i n  t h e  r e g e n e r a t o r  would p r e v e n t  t h e  d i f f u s i o n  of t h e  t r a n s i e n t  l i q u i d  t o  t h e  
s u r f a c e  of t h e  a c c e p t o r  p a r t i c l e s  and thereby  avoid its d e p o s i t i o n  on t h e  walls of t h e  
v e s s e l .  The amount of  CO r e q u i r e d  depends p r i m a r i l y  on t h e  t o t a l  amount of s u l f u r  f e d  
t o  t h e  r e g e n e r a t o r  and must be determined i n d i v i d u a l l y  f o r  each  c o a l  o r  set o f  o p e r a t i n g  
c o n d i t i o n s .  

There is  a p r i c e  t a g  a s s o c i a t e d  w i t h  t h i s  s o l u t i o n ;  namely, t h e  r e j e c t i o n  of carbon 
i n  t h e  r e g e n e r a t o r ,  which means l o s s  i n  o v e r a l l  e f f i c i e n c y .  Approximately 5% of t h e  
o r i g i n a l  ca rbon  of t h e  coal must be s a c r i f i c e d .  

T h i s  l a s t  r e a c t i o n  i s  t h e  sum of v a r i o u s  intermediate s t e p s .  As a n  i n t e r m e d i a t e  i n  

In  s t u d y i n g  t h e  problem, i t  w a s  found t h a t  a s l i g h t  p a r t i a l  p r e s s u r e  o f  carbon 

ASH REMOV+ 

T h i s  problem g e n e r a l l y  i n v o l v e s  t h r e e  s t e p s :  
1. S e p a r a t i o n  of ash  from t h e  p r o c e s s .  
2 .  Removal from t h e  p r e s s u r e  system. 
3. D i s p o s a l .  
S e p a r a t i o n  of ash from t h e  p r o c e s s  takes p l a c e  i n  t h e  r e g e n e r a t o r .  The p a r t i c l e s ,  

w h i l e  r e a c t i n g  w i t h  a i r ,  move upwards through t h e  i n t e r s t i c e s  of t h e  dolomi te  bed. The 
ash p a r t i c l e s  are s t r i p p e d  out  of t h e  bed because t h e y  are much f i n e r  t h a n  dolomi te  
p a r t i c l e s .  

removed i n  a w e t  s c r u b b e r .  Before e n t e r i n g  t h e  c y c l o n e ,  t h e  gas(so1id mix tu re  i s  cooled 
from 1900 t o  1000°F by means of a wa te r - j acke ted  p i p e .  

S e p a r a t i o n  of e n t r a i n e d  a s h  from t h e  g a s  t a k e s  p l a c e  i n  a cyc lone  and t h e  rest is  
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The removal from the p r e s s u r e  system i s  accomplished by a l t e r n a t e l y  operat in 'g  lock- 

The r e s i d u e  from t h e  lockhoppers c o n t a i n s  about  80% of t h e  s u l f u r  c o n t e n t  o f  t h e  
hoppers of a c o n f i g u r a t i o n  s i m i l a r  t o  t h o s e  descr ibed  f o r  c o a l  f e e d i n g .  

f e e d  c o a l .  Because i t  is p r e s e n t  as Cas,  t h i s  m a t e r i a l  cannot be disposed of  by dumping 
Rain  would g r a d u a l l y  l iberate  H2S caus ing  a bad odor i n  t h e  v i c i n i t y  of t h e  dump a r e a .  

s l u r r i e d  with water.  The s l u r r y  iS r e a c t e d  wi th  CO2 to  release H2S whicli is  incinerat .ed 
The innocuous s o l i d  r e s i d u e  i s  t h e n  pumped i n t o  a s e t t l i n g  pond. 

Disposal i n  a commercial p l a n t  would be accomplished i n  .a similar manner, except  
t h a t  t h e  l i b e r a t e d  HZS would be conver ted  t o  s u l f u r .  I n v e s t i g a t i o n s  a r e  under way t o  
f i n d  commercial u s e  f o r  t h e  r e s i d u e .  

I n  t h e  p i l o t  p l a n t ,  t h e  a s h  lockhoppers are d ischarged  i n t o  an a g i t a t e d  tank and 

CONCLUSION AND SUMMARY 

The c o n s t r u c t i o n  of t h e  Rapid C i t y  P i l o t  P l a n t  i s  almost completed.  After i n i t i a l  

The p r o c e s s  w a s  examined w i t h  r e s p e c t  t o  t h e  s i x  main problems commonly a s s o c i a t e d  

For t h e  problems of f e e d i n g ,  cak ing ,  and a s h  removal, t h e  p r o c e s s  c o n f i g u r a t i o n  

c o l d  r u n s ,  g a s i f i c a t i o n  t e s t s  w i l l  be s t a r t e d  i n  February of next  y e a r .  

w i t h  c o a l  g a s i f i c a t i o n .  

o f f e r s  t h e  p o s s i b i l i t y  of s t r a i g h t f o r w a r d  s o l u t i o n s .  w h i l e  t h e  problem with condensable 
hydrocarbons c a n  be  e l i m i n a t e d  completely by a p p r o p r i a t e  process  s t e p s .  

The p r o c e s s  embodies a unique s o l u t i o n  t o  t h e  h e a t  supply problem wherein t h e  h e a t  
i s  t r a n s p o r t e d  c h e m i c a l l y .  The r e q u i r e d  s o l i d s  c i r c u l a t i o n  r a t e  i s  only  a f r a c t i o n  of 
t h a t  which would be r e q u i r e d  i f  a l l  t h e  h e a t  were s u p p l i e d  a s  s e n s i b l e  heat. 

Western c o a l s  i n  a l l  g a s i f i c a t i o n  p r o c e s s e s .  Bench-scale d a t a  i n d i c a t e  t h a t . w i t h  most 
Western c o a l s ,  commercial o p e r a t i n g  p e r i o d s  of at. least s i x  months can be achieved 
wi thou t  s c a l e  removal.  

The problem w a s  e l i m i n a t e d  i n  bench-scale tests a t  t h e  expense of a loss i n  process  ' 

e f f i c i e n c y  . 

The formation of a s h  d e p o s i t s  i n  t h e  d e v o l a t i l i z e r  and g a s i f i e r  i s  expected w i t h  

Deposit  fo rma t ion  i n  t h e  a c c e p t o r  r egene ra to r  i s  a p o t e n t i a l l y  s e r i o u s  problem. f 
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PIPELINE GAS FROM COAL 
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LOCK HOPPER SYSTEM 
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GAS CLEAN -UP SYSTEM AT PILOT PLANT 
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HEAT SUPPLY OF ACCEPTOR AT 40% ACTIVITY 
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